Evaluation of Effect of White Fillers on Selected Properties of EPDM Blend  by Krmelová, Vladimíra et al.
 Procedia Engineering  136 ( 2016 )  336 – 340 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of MMS 2015
doi: 10.1016/j.proeng.2016.01.219 
ScienceDirect
Available online at www.sciencedirect.com
The 20th International Conference: Machine Modeling and Simulations, MMS 2015 
Evaluation of effect of white fillers on selected properties 
of EPDM blend 
Vladimíra Krmelováa,*, Lenka Fusikováb, Jan Krmelaa 
aAlexander Dubček University of Trenčín, Faculty of Industrial Technologies, I. Krasku 491/30, 020 01 Púchov, Slovakia 
bDongil Rubber Belt Slovakia s. r. o., Robotnícka 2198, 017 01, Považská Bystrica, Slovakia  
Abstract 
The article deals with the preparation and evaluation of EPDM blends used in the automotive industry. In order to reduce the 
conductivity of the EPDM blend, the formula composition of the blend was modified. The carbon black content was reduced and 
basic types of rubber mineral fillers (Sillitin Z 86, Talc, Mistron R 10C, Omyacarb 2 VA) and newly developed types of white 
fillers (WERBALINK® KK 20 R, MPK-2, VPK 76, IL) were added into rubber compounds. The prepared EPDM blends were 
submitted to measurements of Mooney viscosity, vulcanizing characteristics (MH, ML, t10, t90), mechanical and physical properties 
(tensile strength, elongation at break, hardness) as well as surface and volume resistivity. The obtained results were compared to 
values of reference model blend with addition of Sillitin N 85 filler. The processing performance of the EPDM blends were 
studied by Garvey die extrusion. The compression set of the EPDM blends was tested, too. 
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1. Introduction 
The development of new rubber compound is an interesting area in advanced research. Currently, the rubber 
compounds used in the automotive industry need to the fulfil high requirements of the costumer. Therefore 
the researchers are developing new processes and rubber formulations in collaboration with the raw material 
producers or rubber compounds producers to comply their requirements [1, 2].  
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Ethylene propylene diene elastomers (EPDM) are one of the most versatile, fastest growing and interesting 
synthetic rubber polymers. Excellent resistance to heat, oxidation, ozone and weather aging are expected to provide 
continued value in demanding automotive, construction, and mechanical goods applications [3].  
This work is focused on the demand of the automotive industry to reduce the conductivity of EPDM blends 
according to current Volkswagen standard method PV 10154 [4]. The carbon black is the most commonly used filler 
in the rubber industry. However, carbon black N 550 that were used contain 99 % of carbon what is the reason of 
conductivity increasing of the rubber blends. In order to reduce the conductivity of the EPDM blend, the formula 
composition of the blends was modified by reducing the carbon black content and by adding the white filler content.  
The aim was to try some basic types of the rubber mineral fillers (Sillitin Z 86, Talc, Mistron R 10C, Omyacarb 2 
VA) and newly developed types of the white fillers (WERBALINK® KK 20 R, MPK-2, VPK 76, IL) from the 
WERBA-CHEM GmbH company ant their impact on the selected properties of the EPDM blends. The Mooney 
viscosity, vulcanization characteristics, mechanical and physical properties as well as surface and volume resistivity 
of the prepared EPDM blends were investigated. The extrudability of the EPDM blends was evaluated by Garvey 
die extrusion. The compression set of the EPDM blends was tested, too. 
2. Experiment 
2.1. Materials used 
In order to protect the manufacturing secret the complete names of ingredients and recipes are not given. There 
were used two types of EPDM polymers. EPDM 1 (70 % ethylene content; 4.9 % ENB content), EPDM 2 (51 % 
ethylene content, 7.7 % ENB content). Carbon black N550 (Degussa). White fillers: Sillitin N 85 a Z 86 (Hoffman 
mineral), WERBALINK® KK 20 R, MPK-2, VPK 76, IL (WERBA-CHEM GmbH), Talc a Mistron R 10C 
(Luzanac), Omyacarb 2 VA (Vápenná, ČR). Vulcanization system: ZnO and CBS (Saficalcan, Germany), stearic 
acid (Behn Mayer), paraffinic oil (Behn Mayer), sulpfur (Solvay), MBT and ZBEC (Deltagran Europe), ZBDP 
(Rhein Chemie). 
2.2. Preparation of EPDM blends and vulcanizates 
The EPDM blends were prepared by one-step mixing of the polymers EPDM 1 and EPDM 2, fillers (Carbon 
black N550 with white filler) and all vulcanization ingredients at 90 – 95 °C in mixing chamber (volume 2 l) of 
industrial mixer in company Hexpol Compounding. The composition of the EPDM blends is given in Table 1. 
EPDM blend filled with N550/ Sillitin N 85 was used as reference blend. 
        Table 1. The composition of the EPDM blends. 
Ingredient Content (phr)a 
Polymer EPDM 1 60.00 
Polymer EPDM 2 40.00 
Carbon black N550 60.00 
White filler 150.00 
ZnO 5.00 
Stearic acid 1.00 







         a - Parts per hundred parts of rubber; b - N-cyclohexyl-2-benzothiazole sulphonamide 
         c - Zinc dibenzyldithiocarbamate; d - 2-Mercaptobenzothiazole 
         e - Zinc-O,O-di-N-phosphorodithioate. 
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2.3. Testing 
The vulcanized slabs were obtained by a compression moulding of the prepared EPDM blends using a hydraulic 
press at 150 °C for periods of time corresponding to optimum t90.  
The EPDM blends and vulcanizates were tested according to the standard methods. Mooney viscosity was tested 
at 100 °C according to DIN 5323 [5].  
The vulcanization characteristic (MH – maximum torque moment, ML – minimum torque moment, t10 – scorch 
time, t90 – optimum vulcanization time) of unvulcanizates EPDM blends were measured using an oscillatory 
rheometer TECH PRO at the temperature 180 °C during 2.5 min according to DIN 53 529 [6]. 
The mechanical properties (tensile strength, elongation at break) of EPDM vulcanizates were tested according to 
DIN 53 504 [7]. The shore A hardness of vulcanizates was tested according to ASTM D240-05 [8].  
The specimens with a shape of double-ended spatulas of size S2 were mechanically cut out from the vulcanized 
slabs. The compression set of the EPDM blends was tested according to ASTM D395-14 [9]. The Garvey die 
extrusion test was performed at 100 °C using the rubber extruder (Plasti corder, Brabender) equipped with the 
Garvey die according to ASTM D 2230-96 [10]. The electrical properties (surface and volume resistivity) were 
measured according to Volkswagen standard method PV 10154 [4]. 
3. Results and discussion 
The EPDM rubber compounds are widely used in automotive applications such as profiles, hoses, seals, belts and 
brake components [11]. The EPDM blends were prepared for testing according to Werba-chem recipe. Table 1 
shows the general composition of the EPDM blends. Some basic types of rubber mineral fillers (Sillitin Z 86, Talc, 
Mistron R 10C, Omyacarb 2 VA) and newly developed types of white fillers (WERBALINK® KK 20 R, MPK-2, 
VPK 76, IL) with reduced N550 carbon black content were used in the EPDM blends. The mineral filler Silitin N 85 
was used in the reference EPDM blend. In rubber practice, this filler is most commonly used.  
Table 2 shows the Mooney viscosity values and vulcanization characteristic of the EPDM blends with white 
fillers. The Mooney viscosity of the EPDM blend 4 (104 MU) was comparable with reference blend (110 MU). 
The other EPDM blends showed lower Mooney viscosity values, in the range from 88 to 95 MU, what is related to 
different stiffness of blends. 












1 110.00   3.52 26.10 0.42 1.63 
2 95.00 2.20 22.47 0.48 1.76 
3 88.00 1.89 23.00 0.48 1.75 
4 104.00   2.58 22.59 0.45 1.69 
5 71.00 1.44 20.69 0.45 1.46 
6 87.00 1.91 23.32 0.53 1.86 
7 93.00 2.21 20.90 0.47 1.63 
8 79.00 1.91 20.37 0.46 1.64 
The vulcanization curves of EPDM blends (not showed) are comparable with reference blend. They showed 
plateau, what means that arises network is stable. The minimum torque (ML) and maximum torque (MH) values of 
the EPDM blends 2 – 8 are markedly lower in comparison with reference blend. This is related to lower stiffness of 
the EPDM blends as well as lower viscosity in comparison with the reference EPDM blend. However, all EPDM 
blends have similar or comparable values of optimal vulcanization time like as reference blends. 
The physical and mechanical properties of the EPDM blends are given in Table 3. The values of hardness in case 
of the EPDM blend 4 with the filler Silitin Z 86 (85 ± 0.21 ShA) were comparable with the reference blend 
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(85 ± 0.33 ShA). Other blends were characterized by lower hardness values, except blend with filler 
WERBALINK® VPK 76. 7 (86 ± 0.55 ShA) which had the highest hardness value. The tensile strength of the tested 
blends was from 82 to 96 % of the strength of the reference sample. The elongation ranged from 81 to 108 % of the 
value of reference sample. 
Table 3. Mechanical and physical properties of the EPDM blend with white fillers. 





Elongation at break  
(%) 
1 Sillitin N 85 85 ± 0.33 10.7 ± 0.02 312 ± 0.99   
2 WERBALINK® MPK -2 82 ± 0.21 10.0 ± 0.85 290 ± 28.00 
3 WERBALINK® KK 20 R 82 ± 0.16 10.2 ± 0.42 327 ± 24.81 
4 Sillitin Z 86 85 ± 0.21   9.3 ± 1.10 275 ± 48.72 
5 Omyacarb 2 VA 77 ± 0.18   9.3 ± 0.16 338 ± 10.60 
6 Talc 76 ± 0.61 10.3 ± 0.25 256 ± 4.94   
7 WERBALINK® VPK 76 86 ± 0.55   9.8 ± 0.34 259 ± 8.15   
8 WERBALINK® IL 84 ± 0.14   8.8 ± 1.4 253 ± 45.28 
Table 4 shows the results of resistivity measuring according to the Volkswagen standard PV 10154 [4]. This 
standard method specifies the requirements for elastomers and plastics that are in contact with the vehicle body. 
The standard defines the specific volume resistivity for aluminium (106 Ω.cm) and for magnesium (109 Ω.cm). All 
EPDM blends meet those requirements only for aluminium. 
The high temperature compression set properties for the EPDM blends were studied according to standard ASTM 
D395 – 14. The values of the EPDM blends 2 and 3 filled with WERBALINK® MPK -2 and WERBALINK® KK 
20 R were comparable and slightly better than the reference EPDM 1 for both tests (Table 5). 
    Table 4. Electrical resistivity of the EPDM blends. 
Blend Surface resistivity (Ω) Volume resistivity (Ω.cm) 
1 1.85.107 3.48.107 
2 2.27.106 5.72.106 
3 6.20.107 9.22.106 
4 2.59.106 8.98.106 
5 2.79.108 9.95.106 
6 1.50.106 6.61.105 
7 5.73.105 3.51.105 
8 6.86.106 1.46.106 
Table 5. Compression set (%) properties and Garvey die extrusion tests results of the EPDM blends. 
Blend 
 Compression set-Test condition Rating of extrude 
quality 
Garvey output 
(g.min-1) 22 h/ 70 °C /25 % 22 h/ 100 °C /25 % 
1 15.50 39.80   8 41 
2 14.10 33.70 10   37 
3 14.70 32.20 10   35 
4 19.40 38.10   8 33 
5 19.50 39.40 10   34 
6 30.00 49.90   6 33 
7 25.80 45.60   4 32 
8 22.90 44.70   9 32 
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Extrudability is another important characteristic of a rubber which is to be employed in manufacturing operations 
where the rubber must be extruded to form the precured manufactured item. Table 5 shows the evaluation of 
the extrusion quality that was visually judged and notice in the rating range from 1 (poor) to 10 (excellent) as in 
the rating system of standard ASTM D2230-96. The EPDM blends 2, 3 and 5 showed excellent extrusion quality, in 
contrast with EPDM blend 7, where Werbalink VPK 76 was used as filler. The EPDM blend 6 exhibits certain 
extrusion deficiencies, too. The reference EPDM blend with Sillitin N 85 does not meet all requirements of the flow 
to edges when extruding, too. As shown in Table 5, the EPDM blends have lower extrusion output values than 
the reference blend. 
The reference EPDM blend with Sillitin N 85 does not meet all requirements of the flow to edges when 
extruding. 
4. Conclusion 
The purpose of this work was to evaluate the selected properties of the EPDM blends with new types of white 
fillers used in the automotive industry. The results of our research show that: 
- In case of physical and mechanical properties of the EPDM blends, the results were comparable with 
the reference blend. 
- In case of resistivity all the EPDM vulcanizates with mineral fillers meet the requirements of the standard only 
for aluminium, however not for magnesium. The dispersing of filler in the blend can affect the results of 
resistivity.  
- The blends with fillers WERBALINK® MPK -2, WERBALINK® KK 20 R and Omyacarb 2 VA show excellent 
extrusion quality and higher extrusion outputs values in contrast to the EPDM blend filled with WERBALINK® 
VPK 76. This one was evaluated as the worst filler throughout the tested fillers, though the physical and 
mechanical properties of this EPDM blend was comparable to the other blends. 
This research shows that it is possible to use new types of white fillers in rubber compounds and partially to 
replace carbon black that is normally used. The obtained results can be contributive for the producers of fillers, but 
also for manufacturers of rubber compounds. 
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